
� Æ 25 h�Æ 4 h o���^�O�8 Vol.25, � No.4 ��� 2007 T 12 ( PROGRESS IN ASTRONOMY Dec., 2007 ��=Wy��1000-8349(2007)04-0364-117>�J;R"[A,	�4
VÆ6^\℄
(Upt`$�p.q�b�LRq�f`%Fha^ÆLR 210042)UM�B��0G �wy�.	� 2.5 4{\y�� 25 2�e1d℄	!Xv 11 2b�1d℄	!X℄*��/14FH�n�d℄	!X℄*���j9`$E�)7sY�
�#Gro)�.g� 6 2vOd℄	!Xv�g� 10 2�vd℄	!X℄*℄C	���Q1NS�i��s�8%����vd℄	!X℄*���)7{8v�E9`�g`O��� � ��	!X���^)k��B>k��G?��X8$��P111.2 ��� =Cz1%�A

1 ����jm�\� W9uNKS8tl�nx���y�\�S8�FuS8xP�rH#DuVq�`9m�\-��aHmwLk�d[�`�7�Xm%'�KUP�m�� Wh�m�t�\)w�
m����KS��j�)w�-� Wv8P�xle*"\aHmkMRS8Rm��� W;��>�P�#\-*=�T�g�=lAP��S%St��_(aHF0�K(��n�d����uKS��j�)w"m�� W2�4NXm�n9KUPm�� WfPrXT)7_d��j�uRU�urU�u��UuU0*9j�)wf_T?/mq&�"N�j�m�� WN��j�.0m��(�Gj��℄(j��A=j�u��F>~��1rWj�.0�il&�
����u:�	V�}=D
�u��nÆYiHN���/T#D�xP#DuT&(6&('/���y0��A=j��r��9P��yK�j�S��}YixP#DuKUP+��l7�(6�- Keck � Gemini �uNm�� W����yt�j�UP [1,2] �,�YiTo/T#D���#Du#ÆT&�(6� 8 3!m�� WB����NF5��F>~��v���yK�j�UP (� 8.23 VLT [3,4] u Subaru [5]) �)�?/E��n(�vx�-�� 2.53z[x�m�\� W�\)~�.0�7$�m�\� W\)~��(6rX�Y~�DxFqn(�-f�uNm�\� W<Fu�f��um�\� W<F�� 5�-)�2007-01-15 � G�-)�2007-03-16��D&�p.Ywt`UZ=H (0983)



� 4 h �o:�n�d℄	!X℄*��/1)7FH 365�\B��\)~�.0�7$����u\� W\)~�.0�(6z7u�D8_�rD�zf_�N����[2�um�\� W\)~�.0iWDq�
2 2.5 5|℄z�e_
"Y^+��02H!
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5.0 Hale [6] 1949 U �*�H �*�H
4.0 Victor Blanco [7] 1974 U _*l� _*l�
3.9 AAT(Anglo-Australian Telescope) [8] 1975 U _*l� _*l�
3.8 Mayall [8] 1973 U �*�H �*�H

(�DÆ_*) (�DÆ_*)

3.6 3.6(ESO) [9] 1977 U _*l� _*l�
3.6 CFHT [10] 1979 U _*l� _*l�
3.0 Shane [11] 1959 U �*�H �*�H
3.0 IRTF [12] 1979 U _*l� _*l�
2.7 Harlan Smith [13] 1968 U �*�H �*�H
2.54 Hooker [14] 1918 U �*�H �*�H
2.5 INT(Isaac Newton Telescope) [15] 1984 U �*�H maPH�(�Gj�=u�rN
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\ (IAA) fP� 1.53�0.9 3� W
(1989 S) [20] �x�n-m�a� 2.16 3� W (1989 S) nB��K��A3,~� [21] �
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10.0 Keck I [1] 1992 U C?l� C?l�
10.0 Keck � [1] 1996 U C?l� C?l�
2×8.4 LBT [23] 2004 U _*l� _*l�
8.2 Subaru [5] 1999 U IA�� IA��
8.2 Antu [3] 1998 U IAl� IAl�
8.2 Kueyen [3] 1999 U IAl� IAl�
8.2 Melipal [3] 2000 U IAl� IAl�
8.2 Yepun [3] 2000 U IAl� IAl�
8.1 Gemini North [2] 2001 U C?l� C?l�
8.1 Gemini South [2] 2002 U C?l� C?l�
6.5 MMT [24] 1999 U _*l� C?l�
6.5 Walter Baader(Magellan 
)[25] 2000 U C?l� C?l�
6.5 Landon Clay(Magellan �)[25] 2001 U C?l� C?l�
6.0 BAT(Bolshoi Teleskop Azimutalnyi) [22,26] 1976 U �*�H �*�H
4.2 WHT(William Herschel Telescope)[27] 1987 U _*l� _*l�
4.2 SOAR [28] 2003 U _*l� IA��
3.67 AEOS 1996 U IA�� IA��
3.6 TNG [29] 1997 U _*l� _*l�
3.5 NTT [30] 1989 U _*l� _*l�
3.5 ARC [31] 1994 U C?l� C?l�
3.5 WIYN [32] 1994 U C?l� C?l�
3.5 Starfire [33] 1994 U IA�� IA��
2.61 VST(VLT Survey Telescope) [34] 2003 U _*l� _*l�
2.56 NOT(Nordic Optical Telescope) [35] 1988 U _*l� _*l�
2.5 SDSS [36] 1998 U C?l� C?l�A=j�X	v<��(�Gj�u℄(j��N>���}j�I�I�	WYRu�s39il&�N>���	WYRÆ�;*���Uuj�S��&�s3Æ�kaHF0�>-<MT���eX*>Æ`sf<M�"�10�K�aH*34N$k�m�� W&i�=eX�;�-�C'�6�n���F>~�n-ng3���f_u���F>~�0�T3j�	C��)9Xm�����0�T3A=3��\x�OWA=�k�
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1994 S8V� 3.5 3 Starfire [34] u 1996 S8V� 3.67 3 AEOS �=�1� Wm��l."	jF0MRRm�W�u/W�=u�}"�uNm�� W&i�jw�u�e	eW�Ze�����I%�F[u��J%�K'�A=�eub�u�-xP)wVeX�45U�9{+3	WKS8Rm� 206+D 21 6+e�>"m�� Wj��h��fPn(�:��uNm�� W�x�r��}�F5��� ��NF5����X[K.m�a� VLT � W [3] ��)n-m�a�xL~� W Subaru [5] u&�� GTC � W [37] � Subaru u VLT F>~��VV�-�u`s��NF5���i8_#DVf_���}F>~�0�>A=j�IlaW�����m��9iK��fP6��
2.3 ���.SK�E�H9P Y?*��2�01 3 �f�n(�Fq-f�\�uNm�\� W�\)~�.0�-= 6 1-f�m�\� W<FT��� LAMOST �<=0�i.�\uK�\~��	B� 206+Dy!R�A=j��i�℄(j�uF>~��p1 3 Tuxpf�A=j�Trqr!*3�uh?����`�rD��
99��<�� 21 6+e�"1uNm�\� W�)2o�A=j��� VST(2003 S ℄(j� ℄(j�) � SOAR(2003 S ℄(j� F>~�) � LBT(2004 S ℄(j� ℄(j�) �&u`s��NF5���fP6��*=�k�-=Ww�-�rD� W<F�XH[2�℄(j��1 3 T� 6 N℄(j��: 50% �-F>~�T� VertexRSI fP� DCT u VISTA K�\F>~�B��9jw��e�� [41,42] � 10.4 3 GTC F>~�B��9�S� VLT ���NF5���{ 3 ���/TL�F�I:Q!Z�+�}^ /m � # Z = U Q�WU9 1�_�� L _��

21.4 GMT(Giant Magellan Telescope) [38] 2016 U _*l� _*l�
10.4 GTC(Gran Telescope Canarias) [37] 2006 U IA�� IA��
8.0 LSST(Large Synoptic Survey Telescope) [39] 2012 U _*l� _*l�
4.2 LAMOST [40] 2008 U C?l� C?l�
4.2 DCT [41] 2009 U _*l� IA��
3.9 VISTA [42] 2007 U _*l� IA��

2.4 �NK���H9P Y?*��2�01 4 Pf�n(�MR�f_��u\� W\)~�.0�iT�D<F��WW��vT/t�"N<Fx3VrN�f<F�n1�f�9=D<F5T\q&�\)~�.0�Fqn(��f_��u\� WT�j�.0mq&�A=j��℄(j�uF>~��}-"Nf_h?=u�<FT�� Euro 50 �E-ELT �TMT u GMT �h� GMT
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100 OWL(2005 UVK)[43] 2020 U C?l� C?l�
50 EURO50 [44] 2014 U IA�� IA��
42 E-ELT [45] 2016 U IA�� IA��
30 TMT [46] 2015 U IA�� IA��
30 CELT(5� TMT) [47] _*l� _*l�
30 GSMT(5� TMT) [48] C?l� C?l�
20 VLOT(5� TMT) [49] TM_*l� TM_*l�
30 CFGT(Up�w�#Z)[50] C?l� C?l�
30 JELT [51] IA�� IA��
20 GMT [52] 2016 U _*l� _*l�B��S� LBT �℄(j��i� 3 1�u� WkB���NF5��F>~��1 4 TB�A=j��=��m9A=j�"��u\� W&i�r-x-�rD���

1) �u� WA=j��7�`syu�/TS�9uPyK��b�19qE��\�k�~U�s9u�<�
2) �u� W~�?+yu�~�X/�Ab�n4Nu����f�=��OS�9uPj"
:� -r-yBWe<�nÆK'yu�\?7��ÆK'eX��{r	�j� ��yu�Ab�/W�Z��;j�S��
3) m�� W-#mTv��u� W�[;9�yu�;W�C/�;?�C/u� W-RmrXT[;9��C/�Æ�k8�u�~�?+�/��"�j�I�=I�A=j�&i�y�{�kA=>19�8"�s�
4) �A=45U�k�	WYR�;j�S��
5) ��Z��	V ���p��Qs���v��Æ�kA=(19�8��s�ÆrWj�.0�[2�i�� W�RmW��*�/W��RmS�x�Xmnxq&�U0*�YiF>~�#D�(6uTo/TLd�iK�F>~��V)9�\-:�-�F>~���-���u� WT��g-���

3 �p�
"YH�����H!A�q9\G�m�� W�F>~���WP0�r9�jw�Ze��F>�?+v\�f�'9Qfh��� WfP���NF5����<X	�T��F>~��}��i=u�|2�)C\M�9~rWF>~����=W��X	-DZ��.dF5���I��}p*R�
�p�`�.dNF5��98S��h29���p\u*����OA��np\u�xNux�e!uo!3v8"F5*� [53] �Fqn(�uNm�� WT��F>~���&� 10.43� GTC ��) 8.23 Subaru �XKa (ESO)41
8.2 3 VLT u"�� W? ALMA �=W��Fq
0�0h��9QfXm{�f(��
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VLT � GTC u ALMA �F>~����9�|uÆ3; (Phase) XOf(���) Subaru� W�F>~���9�����XOf(��| 2 9 VLT ~�.�\�K\?n,�m!Jv;F5��DZ|�| 3 9=W����kDZ3|| [54] � VLT K�\n9B�=W���F>~��} VLT ��PF5���DZ�Nh�DZ9v�m9�q&.�\uK�\�5�o5�j�.�\F5���e!5�vek^��.�e\��mmJv�k^���$ [3] �K�\~�F5���e!5�v�k^���1���mmJvek�K�\^��1N�����N�S�a>5��HW� A u B �

} 2 VLT /�℄����OG6��E[}

} 3 VLT /�℄����OG6���l4}}Nh���NF5��T�rDO�% 1 m t��7!m�s�Ze\UZVek��m�8":O�5��f-� W^�CS�PV�k�5��-�ksJ��5�K'�mu-�k�sJm$T+x�ekmJO��k+xm$�N�ek��ksJD3r-imJK'�mM�=NmM��k5�+!�kD38�v�K'�m��-ekK'*�������uBA*�5��!uBun,mu8�J�ki�Z.?ux2O"ae!5��k��k�ekD3�wn3,%" mm [16] �1rNB�F5��"� WPVrNu?����3���u?�xk�P\���a� W��C/�k�!�.?uxC/ek*��.?�h�e!�aIuxQfXmv��C/D��1ae!-�\o!���Onuk[?v:���C�xn�C/Bfee�ZeW���dz*?'��e!5�uN
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Review of Drive Style for Astronomical Optical Telescope

WANG Guo-min

(National Astronomical Observatories/Nanjing Institute of Astronomical Optics & Technology, Chinese Academy

of Science, Nanjing 210042, China)

Abstract: Drive systems are indispensable for the astronomical optical telescopes to track the

motion of celestial bodies. The main purpose of this paper is to generalize the drive type of the

astronomical optical telescopes and to analyse the development trend of drive type to be used in

the future telescopes. By summarizing the main axles drive type of 25 alt-azimuth operational

telescopes and 11 equatorial operational telescopes in the world, this paper investigated the deve-
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lopment history of drive technologies adopted in optical telescope. By analysing the main axles

drive style used in the 6 large telescopes under construction and will be adopted for the 10

extremely large telescopes in the future, the preliminary conclusion has been gotten that the

direct drive, which was used in VLT and Subaru successfully, will be the main drive type in the

future, especially for the ELT. Each drive type has its advantages and deficiencies. Feasibility,

reliability, maintainability and cost performance are the main factors to be considered in choosing

the drive type. Until the 1970s, worm gear drives are the traditional drive ways to provide the final

gear stage for most ground-based telescopes because of its large gear ratio in a single stage and

excellent intrinsic accuracy. Moreover, the worm gear is the only type of drive to offer absolute

safety against telescope imbalance. But, the poor mechanical efficient, not allowing back driving,

high precise install alignment, costly and limited in size are the main factors which affect the use

of worm gear in large telescopes. Spur gears avoid the irreversibility problem of the worm gear

while maintaining positive control. The helical multi-start gear drive distributes the high loading

on the gear’s teeth. Friction drive was developed to overcome many of the inherent deficiencies in

both worm drives and gear drives, such as periodic error, backlash. But friction drive also has its

own inherent weakness, such as slippage and creepage. Direct drive was developed to overcome

the above shortcomings for large optical telescopes. This system has the simplest mechanical

configuration. It is free from friction and high contact stress and stick-slip effects. A modularity

drive section can generally be removed for maintenance while still leaving the telescope completely

operational. It is very important for large telescope to decrease the operation cost and enable

highest availability. The disadvantages of this system are relatively high cost and alight torque

ripple and nonlinearities associated with electromagnetic cogging. But, with the development

of material science, servo motor technology, control technology and manufacture technology, the

cost of direct drive motor and its control system will be lower and lower in the future. All these

make it possible for direct drive to be leading drive type adopted by future optical telescopes.

Key words: telescope drive; gear drive; friction drive; direct drive


